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SESSION 3 - LTCs, regulators, and their controls
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Regulators are Series Devices

Regulators in General:
1. Uni-Directional — They can only change the voltage on the load-side of the regulator and have no
effect on the source-side.
2. They can correct voltage, but they have no effect on power factor.
3. They are installed in series between the Source and Load.

4. They are a voltage source, they add or subtract voltage to the existing voltage.

5. Should be used to correct voltage drop caused by real current flow.
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Regulators - How they work
Regulators Are a Voltage Source

1. A Series Winding is added.
2. The Series Winding can add or subtract voltage from the incoming voltage.

3. Inthe Neutral Position the incoming voltage (Source) bypasses the series winding and goes
directly to the outgoing (Load).

4. Regulators typically have 16 raise taps, a neutral position and 16 lower taps.

5. Regulators typically are 10% boost/buck and therefore change the voltage by 0.75 VAC on a
120 VAC basis per tap.
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Regulator Raising the VVoltage
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Regulator Lowering the vvoltage

Schematic Diagram;
Single-Phase, Type A Step-voltage
Regulator
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Regulator Taps
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Regulator On 1 Raise
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Regulator Taps
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Tap Position Indicators

Position Indicator and Drag

Hands and Limit switches

1. Position Indicator shows
current tap position

2. Drag Hands show the
lowest and highest tap
reached since last time
they were reset

3. Limit switches can be
moved to block tap
positions
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Regulator Controls

il | 7 ¥ | T
et A




VOLTAGE REGULATION OF THE DISTRIBUTION GRID - 3

Regulator Controls

Analog Controls Digital Controls




VOLTAGE REGULATION OF THE DISTRIBUTION GRID - 3

Regulator Sizes

Load Current Ratings {Amperes)®

Regulation Range

Rated Rated
Volts kVA =10%" =8 3% 7 1/12% =6 1/4% +5%
R 50 3 &0 &8 )
66 100 110 120 1% 160
% 150 185 180 203 240
122 200 720 240 270 320
S 108 300 330 360 405 280
764 400 240 480 540 540
330 500 550 800 668 668
ET) 800 860 568 560 568
440 66 568 868 66 568
55 50 3 &0 &8 80
10 100 110 120 135 160
165 150 165 180 203 240
11000 720 200 720 240 270 320
G5RVBIL 330 300 330 360 405 280
240 400 240 280 540 540
550 500 550 600 668 668
660 800 860 868 868 568
75 50 55 &0 68 80
150 100 10 120 135 160
775 150 165 180 203 240
1200 o 3 200 220 240 270 320
50 300 330 360 405 280
600 200 240 280 540 540
750 500 550 800 668 668
160 100 10 120 135 160
T 200 2720 240 270 320
480 300 330 360 405 480
10 50 55 &0 &8 80
70 100 10 120 135 160
330 150 165 180 203 240
22000 240 200 770 240 270 370
150 kV BIL
660 300 330 360 405 280
880 400 240 280 540 640
99+ 454 254 454 454 454
165 50 55 &0 88 80
330 100 110 120 135 160
gg[ﬂ, gl A 150 185 180 203 240
660 200 220 240 270 320
) 750 275 300 337 373
175 50 55 &0 875 80
25000 350 100 110 120 135 160
200kV BIL 525 150 165 180 2025 241)
700 200 720 240 270 320
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Basic Control Settings - Band

Basics of Voltage Regulation

Minimum basic settings for a regulator control to operate are:
o Bandcenter (100~135 V in 0.1 V increments).
o Bandwidth (1~10in 0.1 V increments).
o Time Delay (17120 s in 1 s increments).

V +0.5BW 124 Vac
v / '8 w=ive 123 Vac
voneme I\m 122 Vac

V\\CHANGE OF
TD—A LTC TAP

POSITION

V=Voltage Setpoint of tapc hanger control

Upper Bandwith

Bandcenter

Lower Bandwith
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Basic Control Settings — Time Delay

Regulator Controllers

Start with Basics — Time Delay

Time Delay has two primary functions:

1. Delay for motor starts. Motors draw 5-7 times normal current when first
starting and this causes a voltage sag but lasts only for 5-60 seconds. Without
time delay the regulator will raise the voltage when the motor starts and within
60 seconds have to lower back once the motor is up to full speed.

2. Coordination with other devices regulating the voltage such as line regulators
and switched capacitor banks.
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Basic Control Settings - Time Delay

Basics of Voltage Regulation

* Two type of timers:

o Definite Time Delay — Time delay fixed (1~120s @ 1 s).
o Inverse Time Delay — Time delay varies with the amount of voltage difference. The

greater the difference, the less time delay.

Time Delay Selection ¢ Definite Time  Inverse Time

V + 0.5BW

vV -0.5BW

% F_J

V\\CHANGE OF
TD—A LTC TAP

POSITION

V=Voltage Setpoint of tapc hanger control

124 Vac

123 Vac

122 Vac

Upper Bandwith

Bandcenter

Lower Bandwith
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Basic Control Settings - Time Delay

Basics of Voltage Regulation

LT ]
L)

e Thelnverse Time TD if enabled will determine the actual
time delay depending on how far out of band the voltage
is:

110

>
|

70 T .
' \ A= EBW
2
GD 1

o Ifthe BW is set at 2 V for example, the control will take
the full setting in seconds if voltage goes out of band
by less than 1 V.

o If voltage drops a full BW (ie 2.V) then actual time will
be reduced by 50%.

Operating time delay (% of inverse time delay setting)

40 :
| N
o If voltage drops 2 full BW (ie 4 V) then actual time will 30 \\
be 25% of setting. 2 —
| ]
* Inverse Time will allow for faster voltage recovery or o |
redUCtion' 0 1i 2 3 4 & 2] 7 ] g 10 1 12

Voo
BC Voltage deviation in multiples of AV

Figure 3-1 Inverse Time Delay Curve
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Basic Control Settings — Time Delay

Basics of Voltage Regulation

 Two types of TD Reset:
o Instant (default). Basic Timer Type (¢ Integrating ¢ Instant Reset

o Integrating.

e TD will start counting when voltage goes out of band,

Instant Reset will reset the count to zero instantly
when voltage returns to within the band. S
. . . . 3 seconds of
* With Integrating Reset the timer will count backwards violation o
towards zero when voltage is returns to within the Instantaneous
band.
* Integrating will increase operations but help keep a "
it ettt AT
TD=2
—— ﬁ Count at 2 for }
| Integral
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Basic Control Settings

Profile 1 ‘ Profile 2 I Profile 3 | Profile 4
~General ~Forward Power -
Line Drop Compensation + R X {7
[ 1200 1000 4 v | 1350
Time Delay Selection  Definite Time ¢ Inverse Time o Cantee 2 0
Basic Timer Type & Intearating 7 bt Pt S, 20 10 o) | 2] ieom
Power Direction Bias |None ;] DeﬁniteTirnel 3 L LI—I L] 360 (sec)
E%i I;T N ;! -n_! ‘?'11'\!)
—Voltage Reduction Undo/Refresh
Step 1 | 25 0.0 LI_I L] 10.0 (%) LDC Resistance IT -72 LI _I LI 72(V)
step2| 50 00 4] | *]100(%) LDC Reactance | 0 72 4 _|2l2m
Sep3[ 75 00 ¢ _I2]100¢%) —Reverss Pawer s |
Standard VR (" Disable (* Enable A Close |
SmatVR (% Disable " Enable Operation [T ~ | =
S o Don't Save 2 Save Reverse Power Vendor Cross Aeference I
| 4 » i
NS e T $ o] 2] 29 min) ~Regulate in Reverse -
Limit and Runback BandCenter [ 1200 1000 4] ] 1350(W)
BlockRaise | 1280 950 «| _|*| 1350w Band Width [ 20 104 2lwo |
Block Lowes [ 1140 950 L] _] L] 135.0 (V) Definite Time I 30 1 ﬂ ;l 360 (sec)
wcz|[ o 04 2w
DeadBand | 20 10 4]_| »|a0m LDC Resistance | 0 724 2lm
Current Limit | 640 50 «] _|*]e40(ma) LDC Reactance | 0 R4 2lrm B
VAr Bias
VAr Bias Method - (+ Disable (" Step (" Linear
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Basic Control Settings — Time Delay

Time Coordination

* Long Feeders may require additional regulators closer to the load.
* This creates a coordination issue with Time Delay settings on each regulator.

* In order to reduce regulator operations, the regulator closest to the source should be
allowed to operate first.

* |tis recommended that each regulator after the closest to source have an additional 15
seconds delay to avoid hunting.
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Basic Control Settings — Time Delay

Hunting

* Cascaded Regulators

o If Regulator 2 has a time delay less than regulator 1 and Load 3 has a large increase, both
regulators will be out of band - Low and will start timing.

R2 will time out first and take a tap to raise voltage.
R1 will still see a low voltage thus will continue timing and take a tap to raise voltage.
R2 now sees a high voltage and will take a tap to lower the voltage.

O O O O

By not doing the proper coordination R2 took two unnecessary taps.

Regulator 1 (T) Regulator 2 (t)
. g: B
) | | I
Vbus ~
é T Raise T Raise
Load 1 Load 2 l Ligeal 2 T Load
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Basic Control Settings

LDC is Used to Compensate for Voltage Drop

* Voltage Drop is due to current through the resistive and reactive network of
distribution system and customer loads.

* As current increases, voltage drop increases.

* Reactive current increases cause 3 — 4 times more voltage drop as majority of
impedance is reactive.

» Typical X/R ratios 3:1 to 6:1.
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Basic Control Settings - LDC

Line Drop Compensation (LDC)

LDC allows voltage regulation closer to the load accounting for line impedance, load

and associated voltage drop
Used to maintain voltage at a remote load center
Two types of LDC are provided: R/X and Z

- BUS

‘ Line

Regulator

/

Load Center

v
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Basic Control Settings- LDC

* Without LDC the voltage is high at the front of the circuit at all times to account for the full
load scenario that may cause low voltage at the end of the circuit.

 With LDC the voltage at the front of the circuit is lower at low load levels and raises as the
load increases.

» Voltage

Voltage Light
Loading
v

Light
Loading

Peak

Loadin

N g Distance

w

quiatec oad
Bus Center Bus Center




VOLTAGE REGULATION OF THE DISTRIBUTION GRID - 3
Basic Control Settings - LDC

LDC voltage vs load current — Forward power only

15V

Notice there is no cap on the
compensation however the
block raise setting will limit the
high voltage.

10 50 100 150 200

Percent of Full Load Current — Forward Power Only
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Basic Control Settings -LDC

Line Drop Compensation

Power Flow —
1.05pu —
lpu —-
0.95pu
Distance
Loads Loads Loads Loads
A
L L L
3 N /@' :!_ h
E;_ I
AN
LTC 1 REG ] M .
T oads
\J
Loads Loads
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Basic Control Settings - LDC

Line Drop Compensation and DG - Evening with No DG Online

Power Flow |
1.05pu —p
lpu —-
0.95pu
Distance
Loads Loads Loads Loads
A
L L Sﬁ
1 100 amps |
. O \
L I
\
o L Ree \
T Loads
400 amps
———— Y

Loads ¢ 3mps Loads g amps 0 amps O amps
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Basic Control Settings - LDC

Line Drop Compensation and DG - Partly Sunny

Power Flow [
1.05pu —
lpu —-
0.95pu
Distance
Loads Loads Loads Loads
A
L , L
40 amps |
3 +— \
L I
AN
REG Y
LTC /Jr? Loads
320 amps
Load Load
0ads 79 amps 0ads  ap amps 20 amps 20 amps
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Basic Control Settings - LDC

A
Line Rise Compensation - Sunny Va4
<] =
- Power Flow D Q
1.05pu —p v
1pu —/\ /
0.95pu
Distance
Loads Loads Loads Loads
L —_— :Ii
L —
L I
\
LTC 1 REG ] M .
fl\ oads
80 amps Y | DER DER DER | | DER
) Loads Loads

120 amps 120 amps 120 amps 120 amps
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Basic Control Settings - LDC

LDC voltage vs load current — with Reverse Power

10

10V

9 | Reverse Po

2V

)

® 0

G

>
51
-10

-100 -50 0 50 100

Percent of Full Load Current

Notice that if the current
is in reverse direction, the
voltage is dropped instead
of raised. The block lower
voltage setting will limit
low voltage in reverse
direction due to line drop
compensation.
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Basic Control Settings - Blocks

Blocking

Two types of blocks:
1. Block only:
Overcurrent blocking.
Undervoltage blocking.
Overvoltage blocking.
Tap position.
Reverse power.
Comm block.
Cooper Motor Seal-In switch.

© NO U A WDNPRE

Low current block.
2.  Runback:
1. Overvoltage runback.
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Basic Control Settings - Blocks

Blocking — Current Limit

Controller only rated for 200 ma.

When load current exceeds preset limits, controls are blocked.
Set via the LineLimit Current Setpoint.

Can be configured to Alarm.

Blocks both raise and lower for both automatic and remote.

o ok W E

Used for line regulators that may be tied to pick up addition load
during switching/emergencies that cause the regulator to be overloaded.
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Basic Control Settings - Blocks

Blocking — Undervoltage Block:

1. Used to keep voltage from dropping to low which could cause motors to stall.

If voltage falls below this level, voltage reduction is blocked and all Lower commands are blocked.
Can be configured from 95.0 — 135.0 Vac in 0.1 Vac increments.

Blocks lower in automatic and remote.

A o

Can be configured to Alarm.

Upper 121V
Band Edge *
1¢V
Band Center ¥ 120V
1v
Lower J 119V

Band Edge
6V

114V
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Basic Control Settings - Blocks

Blocking — Block Raise:

Used to keep voltage from going to high.
If voltage goes above this level, all Raise commands are blocked.

Can be configured from 95.0 — 135.0 V.ac in 0.1 V.ac increments.

1.
2
3
4. Blocks lower in automatic and remote.
5. Can be configured to Alarm.

6

Supervised LDC.

128V
Upper 121V
Band Edge *
uy 8V
Band Center x 120V
1V
Lower J 119V

Band Edge
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Basic Control Settings - Blocks First House Protection

Blocking — Force Lower

Overvoltage Runback — Block Raise

1. If voltage exceeds this level, Raise commands are blocked and Lower commands
are issued until voltage goes below this level.

2. Lower commands will be issued immediately without time delay.

Overvoltage Runback ]

Dead Band % 130V
2V Setting
. 128V
Upper
Band Edge % | 121V Overvoltage Block }
UV 6V
Band Center 'y 120 V
Lower 1‘LV Undervoltage Block
Band Edge , 119V
6

114V
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Regulator Controls Block on Tap (Load Bonus)

Blocking — Tap Position

Requires the tap position to be monitored using Keep Track (Regulator Internal).
Control allows different settings for the block on the lower and the block on the raise.
Incorrect tap position will cause undesirable blocking.

Can be used to generate alarms.

Will block automatic and remote.

o vk wN e

Used with line regulators to limit tap range when adding additional load due to switching.
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Basic Control Settings - Blocks on Tap

1. Limiting the regulation range increases the current carrying capabilities of
the regulator

Table B—Supplementary continuous-current ratings for single-phase regulators

Range of voltage Continnouns-current
regulation (%) rating (%)
10.0 100
875 110
1.3 120
6.25 135
50 160

Table 9—Supplementary continuous-current ratings for three-phase regulators

Range of voltage Continuous-current
regulation (%0) rating (%)
10.0 100
8.75 108
73 115
6.23 120
3.0 130
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Nameplate Data to Locate -
Siemens Regulators

—8

1) PT Ratio 4) Regulator Type Single e Type R 60 5,/65°C K 60 B ss ONAN

100/112 kVA 2500 Volts iﬂ‘ . . s 8 Amps

2) CT Ratio 5) Load Rating with Tap
3) Any Voltage Block
Correction Factor

. +10%
TapChngr SIEMENS | 2500 |
SIEMENS pehng 12000 | ps T 1i5v ]
5/8% Step-Voltage Regulator Serial No.
| Single Phase Type JFR 60 Hz 55°C Rise 95 BIL___ Class ONAN MECH TYPE : TLG-50
76.2 KVA_7820 volts #0% in 32 - 5/8% Steps 100 Amps<—— | FullLoad 100 e
Insulating Fluid : ASTM D-3487 Type Il Mineral Oil il
Fluid PCB content Less than 1 ppm at time of manufacture " s winding & P A
Untanking Hgt = 114 in. Oil = 82 gals Jate:
Untanking Wgt = 937 lbs TotalWgt = 1508 lbs
* Control dia:
Namesiats f/——~ CTratio 100:0.2
Forward Power Flow - Connect Load Side ; o . Do not by-pass unless on neutral and t e e
EgE—m—— é / o s i' See mctructuon book before placing in ek L
o | Comear 1 Pa F:.\. Contre ; et - Siemens Enere viailne ac
E5 - B is Yot ey ) . VS T = U
32 v | B a0 o= 130 v e 9 pyyF ;_.;L_ : Vigde in U S
izt | pa-e3 20 12 120V e |
T T T T WY Tap Changer
T ST T T — Reversing Switch
sy | pa-=g an | 20 125y o
200 121w | P27 2= 1 2 125y ” Tap Changer
E - S S L < .
Re':'erge Power Flow - Connect Source Side 0 s Preventive
Voltage Transformer per Table 2, Autotransformer
|~ Lontrcy & Ab ooy Lopsen) Bamel S omn [
U2PT: 7620:121 | [VETEE]oms [ i | o LR
. 120y BL-F13 all all 120Y Utlllty pol NORM
Pu-sia | oo 1 20 F ) .
el oy [paee | 2o 1 | aov (E2 to right of P terminals)
Gminum™ conductor In shunt einding
uminum condwctor in series windin; CTsecconnC2i0 C3
Do not by-pass uniess on neural and contral switch on panel 15 o= & Basis volts 120
Jee meruction bock betre plaCg IN cervice.
. Siemens Enargy, Inc. Jackzon, MS
P2PT. 7620:120 -
MadeinUSA 00500

Figure 4.1 Typical Siemens Regulator Nameplate for older ANSI Type B (Inverted) Regulator
Note: Items are not highlighted on actual nameplate
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Three Phase VWye Grounded 4-Wire Connection

Bypass Switch?
o YP

.~ BYpass Switch *

= mr

SOURCE

B3

Disconnects

Shunt
Arrester

1 Series Arrester 4 2
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Open-Delta Connection

Bypass Switch?
R s LI o0
= B . 4 — — T 2> T 4 ;-:-._t
2 C .~ Bypass Switch 33 yoe - >3
Disconnects I .
fod
EE :E D
o
SURGE L
ARRESTERS &
5 sL
o
REG.NO.1  °POUMY  Reg w02
Series Arrester — B o S [Puase
I=2=3 ! LAG
2 |LEAD |
-2 I_|LEAD
il OF % =
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Testing Open Delta for Lead and Lag

The LDC X Test

Place both regulators in manual and on the same tap.

Configure both controls to have same Bandcenter, Bandwidth and time delay.

Configure the R in both to 0 and the X in both to 10.

Place the controls in Auto.

After the finish tapping the regulator closest to 16R is the lagging regulator and the regulator closest
to 16L is the leading regulator.

Lk wh e

The Power Factor Test

Place both regulators in manual and on the same tap.

Configure both controls to have same Bandcenter, Bandwidth and time delay.

Configure the R in both to 0 and the X in both to 0.

Place the controls in Auto.

If the power factor is between 0.81 lag and 0.91 lead, then the lagging regulator will be raising the
voltage and the leading regulator will be lowering the voltage.

6. If the power factor is below 0.81 lag, then both regulators will raise the voltage and the one at the higher
voltage will be the lag.

ke wneE
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Testing Open Delta for Lead and LLag

The Power Factor Test

1. For each regulator start with the phase angle set to 30 degrees and then record the power factor.
Change it to 330 degrees and record the power factor. You will see on each regulator that one of the two

power factors will look correct.

2. Asanexample:

Lag Lead
1. Regl .91 -77
2. Reg2 .21 0.92

In this example, Reg 1 would be the lag regulator and Reg 2 would be the lead regulator.
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Three Phase Closed Delta Connection

1. Forclosed delta all three regulators will either be lead or lag. Using the same power factor test and
above for the open delta, one can determine whether they s----'* -~ '~~~ == 1--

SOURCE .ﬂul LOAD
[ — -
. 2 =
Bypass Switch*
w A —
2 B Bypass Switch- - .
acC Bypass Switch®
: ]
Disconnects [H
Shunt
Arreste 4
L
s 3
Series p
Arrester G'Thﬁu"é"n " o) Dy
1-A-C  2-B-A 3-C-B sl

Eﬂ-TETlﬂH

PHASE

=23

LEAD

3-2-1

LAG
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ANSI Regulator Types

Step-Voltage Regulators

A step-voltage regulator is “a voltage regulator in which the voltage and (or) phase angle of the regulated circuit

are controlled in steps by means of taps without interrupting the load.”4 There are two types of step-voltage
regulators as defined by the ANSI:

(1) Type A, also known as “straight” design, and
(2) Type B, also known as “inverted” design.



VOLTAGE REGULATION OF THE DISTRIBUTION GRID - 3

ANSI Type A Regulator
C.2 TypeA

Type A step-voltage regulators have the unregulated circuit voltage, Vgg,ce. CONNected
directly across the shunt (excitation) winding of the voltage regulator, as shown in Figure C.3.
The series (tapped) winding is connected directly to the load side of the voltage regulator and,
by adjusting taps, changes the regulated circuit voltage, V, 4. With Type A construction, the
core excitation (flux) varies with the source voltage due to the fact the excitation winding is
connected directly across the unregulated circuit. A separate voltage transformer assists in
providing the regulated voltage supply for the control.

Series winding

Reversing
switch Current transformer
® YN O
.I L] T L] u I-

Ba
ULI:IEII:I

=1 Shunt winding Voltage transformer

Figure C.3 - Type A
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ANSI Type B Regulator
C.3 TypeB

Type B step-voltage regulators are constructed with the unregulated circuit voltage, Ve, ce-
applied by way of taps across the series winding and shunt {(excitation) winding of the voltage
regulator, as shown in Figure C.4. With Type B construction, the core excitation is essentially
continuous, since the shunt (excitation) winding is connected directly with the voltage, V| ;4.
of the regulated circuit. A utility winding in the main coil is used in lieu of a separate voliage

transformer providing the regulated voltage supply for the control.

Series winding )
Reversing

* | Raise switch

Current transformer

l'rlsﬂu nce
vLEI ad

Shunt winding . -
Utility winding

Figure C.4 - Type B



VOLTAGE REGULATION OF THE DISTRIBUTION GRID - 3

All Type A (Straight) Regulator

16 Raised
l_VSeries_l
> S e —— Y Lee
| - 10% |
Vm Vout
| D |
SL

Vout= Vin+ Vser
Vser= 0.1 Vin

out= Vin + 0.1 Vin
Vout = 1.1 Vin

% Reg = I(Vout — Vin)I/Vin
= |(1 AVin —Vin)I/Vin
=0.11
=10% =.75 V/tap

16 Lower
l_v Series_l
.S _ L
| - 10% |
Vin Vout
| o |
SL

Vout = Vin- Vser

Vser= 0.1 Vin

Vout= Vin - 0.1 Vin

Vout = 0.9 Vin

% Reg = I(Vout — Vin)I/Vin

= |(09V|n —Vm)l/Vin
=0.1/1
=10% = .75V/tap
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Cooper Regulator Inverted Design, ANSI type B

16 Raised
l_VSeries_l

—> S - ' L
| 9.1%
Vin Vout
| |

> | -

SL

Vout = Vin+ Vser

Vser= 0.091 Vin
Vour= Vin + 0.091 Vin
Vin = Vout - 0.091 Vout
Vin = 0.909 Vou

% Reg = (Vou — Vin)l/Vin

= [(Vout — 0.909Vout)l/0.909Vi

= 0.091/0.909
=10% = .79V/tap

16 Lower

l_VSeries_l
—_— S _'. .................. L_‘__
| 9.1% |
Vin Vout
| 1. |

SL

Vout = Vin- Vser

Vser= 0.091 Vin

Vout = Vin - 0.091 Vin
Vin = Vout + 0.091 Vout
Vin=1.091 Vou

% Reg = (Vou — Vin)l/Vin
= |(Vout — 1.091Vou)l/1.091Vir
= 0.091/1.091
= 8.34% = 6255V/tap
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GE, Howard and Siemens Regulator Inverted Design, ANSI type B

16 Raised 16 Lower
l_VSeries_l l_VSeries_l
L/ 10% | | 10% ~ |
in VOUT Vin Vc:ut
| gy | | D |
SL SL
Vout = Vin+ Vser Vout = Vin- Vser
Vser= 0.1 Vin Vser= 0.1 Vin
Vout= Vin + 0.1 Vin Vout = Vin - 0.1 Vin
Vin = Vout — 0.1 Vout Vin = Vout + 0.1 Vout
Vin = 0.9 Vou Vin=1.1 Vou
% Reg = I(Vou — Vio)l/Vir % Reg = I(Vou — Vi)V
= |(Voxt — 0.9Vou)l/0.9Vir = |(Vout — 1.1Vou)l/1.1Vir
=0.1/0.9 =0.1/1.1

=11.11% = .83V/tap = 9.09% = .68V/tap
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Typical VVoltages per Tap

Tap
16
15
14
13
12
11

[
=

o R P L R TR R L7 ) I = TR [ N

S/Ho/GEA 5/Ho/GE B

132.00
131.25
130.30
125.75
125.00
128.25
127.50
126.75
126.00
125.25
124.50
123.75
123.00
122,25
121.50
120.75
120.00
115.25
1138.50
117.75
117.00
116.25
115.50
114.75
114.00
113.25
112.50
111.75
111.00
110.25
105.50
108.75
108.00

b . . . . B |

b

133.28
132.45
131.62
130.79
125.56
125.13
128,30
127.47
126.604
125.81
124,38
124,15
123.32
122.45
121.66
120.83
120,00
115.32
113.04
117.56
117.28
116.00
115,532
115.24
114.56
113.388
113.20
112.52
111.24
111.16
110.48
109.20
109.12

Cooper &
132.00
131.25
130.50
129.75
1259.00
128.25
127.50
126.75
126.00
125.25
124,50
123.75
123.00
122.25
121.50
120.75
120.00
119.25
118.50
117.75
117.00
116.25
115.50
114.75
114.00
113.25
112.50
111.75
111.00
110.25
109.50
108.75
108.00

Cooper B
132.00
131.25
130.50
129.75
1259.00
128.25
127.50
126.75
126.00
125.25
124.50
123.75
123.00
122.25
121.50
120.75
120.00
119.37
118.75
118.12
117.50
116.87
116.25
115.62
115.00
114.37
113.75
113.12
112.49
111.87
111.24
110.62
109.99
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Typical Allowable VVoltage Per Tap
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Regulator causing flicker due to worn tap

= TapPlot - [M-2001D OSC: C\Users\bmcfetridge\Documents\Customers\NGRID\CHurch Street\604W2 Bph Data Logging\604W2 Bph Data Logging\604W2 B Ph Oscillography 7.]
E5) File View Settings Window Help

F & W n| @A s
LocalVottage (V) 173.6] 1 " '

M &) A M
209 {4 [ 1 !

\"||,|I|-‘|'II 'WI‘II A

/ v ‘ [ A
A, WANIIWA |

1401 119.2

, I‘ u | O
aiC = — J . J . Y / . . :
-17.0

0.0 17.0

Mator Cument (A)
0.050

-0.209 -0.259 0.420
1335.510

(ms)

RATSE CONTACT |

LOWER CONTACT

VR1 CONTACT
VR2 CONTACT
FORCE LOWER
RAISE TAF LIMIT
LOWER TAP LIMIT
ey
HIGH BAND
LOW VOLTAGE LIMIT

HIGH VOLTAGE LIMIT
AUTO INHIBIT
NON SEQUENTIAL
REVERSE POWER
PEAK MOTOR CURRENT
AVG. MOTOR CURRENT
MOTOR CURRENT DURATION
VOLTAGE HARMONICS
CURRENT HARMONICS
CBEMA EVENT1
CBEMA EVENT2
CBEMA EVENT2
CBEMA EVENT4
VAR BIAS ACTIVE
SEALIN FAILURE ALARM ACTIVE
hLIN FAILURE BLK LOWER ACTIVE
FALIN FAILURE BLK RAISE ACTIVE
LOW CURRENT BLK ACTIVE
MOTOR SEAL-IN INPUT
NEUTRAL INPUT
COUNTER INFUT
OP COUNT SIGNAL

‘& Rain to stop

10:39 AM

- 10/7/2023 D
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Viotor start cause sag

= TapPlot - [M-62004 OSC: C\Users\bmcfetridge\Documents\Voltage Controls\Sags\Y_1.cfg]
¥ File View Settings Window Help

B(E W« n[AQ[E
Local Voltage (V) 185.2 oy
0.0

165.1 165.1 -182.0] \/ WS
Load Cument (mA) 145.5
0.0

371 7.4
Mator Curent (A)
0.000

w

-0.076 -0.078 0.1
0.000 ims)
RAISE CONTACT

LOWER CONTACT
VR1 CONTACT

VRZ CONTACT

FORCE LOWER

RAISE TAP LIMIT

LOWER TAP LIMIT

LOW BAND

HIGH BAND

LOW VOLTAGE LIMIT
HIGH VOLTAGE LIMIT
AUTO INHIBIT

NON SEQUENTIAL

REVERSE FOWER

PEAK MOTOR CURRENT

AVG. MOTOR CURRENT

MOTOR CURRENT DURATION

VOLTAGE HARMONICS

CURRENT HARMONICS

CBEMA EVENT1

CBEMA EVENT2

CBEMA EVENT3

CBEMA EVENT4
VAR BIAS ACTIVE
LOW CURRENT BLK ACTIVE

SEALIN FAILURE ALARM ACTIVE
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Controller capturing harmonics

=' TapPlot - [M-6200A OSC: C\Users\bmcfetridge\Documents\Voltage Controls\M6200\4837_B_01.cfa]
%) File View Settings Window Help

= & |1«»r||61€).3]ﬁ|

LocalVoltage (V) |
0.0

| L | |
| | | | | ] |
oo | ] [ \I TRV [ | | [ | | [ ] | |

-1269 -126.9 AT1.7 Y \ \ \ J ) l \ | J ) ! | Y Y \

Load Cument (mA) 2914

0.00

-3.14 -3.14 -29.59
0.000 (ms) 1600 1700 1800 1300 2000
RAISE CONTACT
LOWER CONTACT
VR1 CONTACT
VRZ CONTACT
FORCE LOWER
RAISE TAP LIMIT
LOWER TAP LIMIT
LOW BAND
HIGH BAND
LOW VOLTAGE LIMIT
HIGH VOLTAGE LIMIT
AUTO INHIBIT
NON SEQUENTIAL
REVERSE POWER
PEAK MCTOR CURRENT
AVG. MOTOR CURRENT
MOTOR CURRENT DURATION
VOLTAGE HARMONICS
CURRENT HARMONICS
CBEMA EVENT1

CBEMA EVENTZ |

&5 58°T Rain
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Controller Dat Log 5 Minute Samples

= TapPlot - [M-2001D: Ch\Users\bmcfetridge\Documents\Customers\Duke\Hightower\Hightower Ret Bk 2 Data Log.cfg] — O x
|§—‘| File View Settings Window Help JILIL.

E & WMurw ) Qa9 ¢

Comp. Voltage (V) 126.7 s =1
-1.9
o Vaksge Wi 722 r
-2.0
119.0 120.9
Comp. Voltage Max (V) 27
-1.9
119.5 121.4 0.0
Primary watts (MW) 39 28
-5.50
10.40 15.90 0.00
Tg;ry VA (MVAr) 11.41
B _ h\\ﬂmﬂﬂMVMWMW’”‘”‘WW&WMMMWMMWMW“MMW.n.ﬂmww._mwwvwmwm,.wmmwmumMVWNMMMMJWHWMWWWW
Ffj:er Fen::h:ni - 1 ﬂ; ——— = — —= —_—
-0.014
oo Posion
T — * il |
<00 o0 o lm“”h"" ,Mh ‘IH ]l\ LJ.‘ Hli‘ i‘hjtr"”aI\Hllln‘.'hl“m'i"l'mllllJluw,lhllw#.m,N'r'l,.'.l'l.J,‘J,.JI}."HJ-..p‘ll..,.l‘.'Jﬂ}lL-l .,_,.'qr.(.'r‘.h'M'H ll“'-i.-q‘fﬂ"‘lﬂ\ﬁl‘iM#-W.Hmm‘ql.h‘lf\“,ﬁh.m'r. ,,-Ir'n"rh’-’)ll.'rl”-.iMr.llll-\""I‘n],l\lﬂh'b,l’r!‘ﬂ!ﬂ"lJ‘\M}“J-\“hu',jlifl“'IJ.“J“I'”}.'"PJ'H““M“ﬂnnﬂlﬂll“HIIh"Miu'H|"jn‘||.l"
F:';iﬁ*-ary Curne-nt- ;I-:A] ':
-0.229
0.490 0.720 0.000
Operation Counter 8997 E——
7214 _ _ . - ————
oy

Ready Start Time: 05/28/2022, 03:12:24 [Mark 1: 05/31/2022, 08:13:52 Mark 2: 08/21/2023, 23:17:09
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Controller Dat Log 5 Minute Samples - Drilling Down

d &= TapPlot - [M-2001D: C\Users\bmcfetridge\Documents\Customers\Duke\Hightower\Hightower Ret Bk 2 Data Log.cfg] — O >
) File View Settings Window Help - & x|
' ~u
1@ & K« n | @q @ m
j Comp. Voltage (V) 1267 —_—— T T e —————————
-1.1
119.4 120.5

M| Comp. Voltage Min (V) 126.5
-1.0

119.3 120.3

Comp. Voltage Max (V) 127¢ : —_— > "
-12

119.7 120.9

Primary watts (MW) 3928

11.55
W\/W\/MWNWWVWWM

25.00 13.45 0.00

Primary VAr (MVAD
292 T

| ) : " SONS T ““waW«er\jw\..ﬂd“\Jl ’\Jk/’wwvw\_rjl( j\vf‘l ARWW1 J’\ JLI‘\N}IMM»LI\ “"AL w A/L]\»J\J\/Lu\[\/‘“m/ AN

Power Factor T fP—,—Dm—/—— e e
0.007

0.961 0.954

Tap Position 16.00 I
7.00 . A M A M~ M |

6.00 -1.00

Primary Carert (A) 1782

1.145 0.630

Operation Counter

-756

3344 4102 0
648.538 (Hour)

Read Start Time: 05/28/2022, 03:12:24 |Mark 1: 07/23/2022, 15:29:20 Mark 2: 08/19/2022, 16:01:36
y
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Controlier Dat Log 5 VMliinute Samples - Drilling Down

d "_" TapPlot - [M-2001D: C\Users\bmcfetridge\,Documents\Customers\Duke\Hightower\Hightower Ret Bk 2 Data Log.cfg]
N B9 File View Settings Window Help

[B & 1ann @as#
5{[ Comp. Voltage (V) 126.7 — —
A O1.4
o
118.2 116.8 0.0
2l Comp. Voltage Min (V) 26.5 —
0.4
116.7 116.3
Comp. Voltage Max (V) 27 Fm
21
119.5 117.4 0
Primary watts (MW) 9,28
-16.67 ﬁL
19.14 35.81 0.00
Primary VAr (MVA?) a1 J
-3.51 f _
I T il _‘_"'_‘—-\_:-\_.______
I N I _ o
5.62 9.13 54
Power Factor 000
-0.009
0.960 0.968 9
Tap Position 6.00
-13.24 { - o
1.76 15.00
Primary Cument (kA) 782
073 If-ﬁ
0.898 1.629
Operation Counter 9
=51
3463 3514 0
62.607 (Min)
Ready

Start Time: 05/28/2022, 03:12:24

Mark 1: 07/28/2022, 09:43:08

Mark 2: 07/28/2022, 10:45:44
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Bob McFetridge —Hubbell
Utility Solutions — Beckwith
Electric

919-675-3372

910-777-4910 home
bmcfetridge@hubbell.com

www.BeckwithElectric.com
(727) 544-2326
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